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ABSTRACT
Background: Postoperative acute pain will have negative impacts if 
not handled properly so it must be treated effectively. Patient Controlled 
Epidural Analgesia (PCEA) allows the patient to have an active role in 
determining the need of analgesia personally. Programmed Intermittent 
Epidural Bolus (PIEB) is a new method which proven better than 
Continuous Epidural Infusion. Ropivacaine has similar characteristic to 
Bupivacaine but with minimal cardiotoxic effect. Fentanyl as an adjuvant 
can accelerate the onset of action of local anesthetics in epidural 
analgesia. The purpose of this study was to compare the efficacy of 
PCEA+PIEB with PCEA as a modality of postoperative analgesia. 
Methods: Total 54 patients undergoing major surgery of the abdomen 
and lower extremities were divided into 2 groups randomly: PIEB+PCEA 
and PCEA. Then we did an evaluation of VAS, PCA demand, and total 
consumption of solution Ropivacaine 0.1% + Fentanyl 2 mcg/mL at 
4 hours, 8 hours, and 24 hours postoperative. 
Results: VAS at resting and at moving in both groups were found 
clinically comparable, although statistically, VAS at moving at 4 hours 
and 24 hours postoperative were lower in PCEA+PIEB group (p < 
0.01). PCA attempted and PCA given were lower in PCEA+PIEB group 
(p ≤ 0.05). Total consumption of solution until 8 hours postoperative 
was comparable in both groups but at 24 hours postoperative it was 
much greater in PCEA+PIEB group (p < 0.01). 
Conclusions: PCEA+PIEB have greater efficacy than PCEA. VAS 
(at resting and at moving), PCA attempted, and PCA given were lower 
in PCEA+PIEB group. Total consumption of solution Ropivacaine-
Fentanyl until 8 hours postoperative was comparable, but at 24 hours 
postoperative it was much greater in PCEA+PIEB group. In orthopedic 
surgery, VAS at resting was obtained below 30 mm in PCEA+PIEB 
group but VAS at moving was obtained in the category of moderate 
pain in both groups.
Keywords: PCEA, PIEB, Ropivacaine, Fentanyl, acute pain
Cite This Article: Senapathi, T.G.A., Widnyana, I.M.G., Wiryana, M., Aribawa, I.G.N.M., Panji, P.A.S., Soetjipto, S., Pradhana A.P. 2017. Programmed 
intermittent epidural bolus improves efficacy of patient controlled epidural analgesia in postoperative pain management. Bali Journal of 
Anesthesiology 1(2): 44-47. DOI:10.15562/bjoa.v1i2.14
INTRODUCTION 
Postoperative acute pain is one concern for patients 
undergoing surgery which if not handled properly will 
have negative impacts so it must be treated aggres-
sively, effectively, and securely with a multimodal 
approach. Epidural analgesia is one technique that can 
be used to treat acute pain postoperatively. Compared 
to intravenous, epidural analgesia can reduce opioid 
use to minimize side effects from opioid. 
Patient Controlled Epidural Analgesia (PCEA) 
allows the patient to have an active role in determin-
ing the need for analgesia personally. Programmed 
Intermittent Epidural Bolus (PIEB) is a new method 
in epidural analgesia which proven better than 
Continuous Epidural Infusion (CEI) in some studies.1 
Ropivacaine has similar characteristic to 
Bupivacaine but with minimal cardiotoxic 
effect.2 In developed countries, widespread use of 
Ropivacaine has replaced Bupivacaine. Fentanyl 
is a synthetic opioid with characteristics 800 times 
more lipophilic than morphine. Fentanyl also has 
minimal side effects than morphine. Fentanyl as an 
adjuvant has been shown to accelerate the onset of 
action of local anesthetics in epidural analgesia.3
The purpose of this study was to compare the 
efficacy of PCEA+PIEB with PCEA as a modality of 
postoperative analgesia. 
MATERIAL AND METHODS 
This study was approved by Clinical Research and 
Ethics Committee of Faculty of Medicine of Udayana 
University – Sanglah General Hospital. It was 
conducted from September to October of 2016 at the 
central operating theater of Sanglah Public General 
Hospital in Bali Island, Indonesia. Patients undergo-
ing major surgery of abdomen and lower extremities 
with ASA physical status I-III were included after gave 
written informed consent to participate. Exclusion 
criteria included chronic analgesic use, previous 
history of impaired renal or liver function, alcoholism, 
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allergy to Ropivacaine, Fentanyl, or Ketorolac, and 
those with postoperative impaired consciousness. 
The patient received general or regional anesthesia 
in accordance with the type of surgery. An epidural 
catheter was placed first before induction in general 
anesthesia. An 18 G epidural needle was introduced at 
T 10-11, L 1-2, L 3-4, or L 4-5 according to the type of 
surgery by the loss of resistance technique. After iden-
tification of epidural space, a 20 G Perifix® epidural 
catheter was advanced 5 cm into cephalad direction 
and then test dose of lidocaine 1.5% with epineph-
rine 1:200,000, in combination with aspiration, was 
performed. Postoperatively, after the patient was fully 
alert, able to move extremity (Bromage score 0), in 
tolerable pain (VAS 0-30 mm), and was given 5 mL 
solution Ropivacaine 0.1% + Fentanyl 2 mcg/mL 
before being transferred to ward. 
Patients were divided into 2 groups randomly: 
PIEB+PCEA and PCEA. Smith CADD® Solis 
Ambulatory Infusion Pump dan Smith CADD® 
Solis Ambulatory Infusion Pump were used to 
deliver PIEB 3 mL solution Ropivacaine 0.1% + 
Fentanyl 2 mcg/mL every an hour, PCEA 5 mL on 
demand, lockout interval 10 minutes, and 20 mL 
an hour maximal dose. Patients in both groups 
received an injection of 30 mg ketorolac prior to 
incision and continued every 8 hours in the ward. 
Then we did an evaluation of VAS (at resting and 
at moving), PCA attempted and PCA was given, 
and total consumption of solution Ropivacaine 
0.1% + Fentanyl 2 mcg/mL at 4 hours, 8 hours, and 
24 hours postoperative.
Shapiro-Wilk test was used to evaluate data 
normality. Kruskal-Wallis test was used for compari-
son of effect VAS (at resting and at moving) with time. 
PCA attempted, PCA given, and total consumption 
of solution Ropivacaine 0.1% + Fentanyl 2 mcg/mL 
were analyzed by Mann-Whitney test. We separated 
data orthopedic and non-orthopedic surgery to 
analyze further. Repeated measures ANOVA was 
used to analyzed VAS in this specific data. A p-value 
≤ 0.05 was considered statistically significant. 
RESULTS
Fifty-four patients were enrolled in this study. The 
characteristics of eligible subjects are presented in 
Table 1. Patients in PCEA group were slightly older 
than patients in PCEA+PIEB group. The aver-
ages Body Mass Index (BMI) of the patients were 
22.96 kg/m2 in PCEA+PIEB group and 22.50 kg/m2 
in PCEA group. Sex, education, and type of surgery 
were comparable in both groups. 
Comparisons of VAS at resting and at moving are 
presented in Table 2. VAS at resting and at moving 
in both groups were found clinically compara-
ble, although statistically, VAS when moving at 
Table 1 Characteristics of subjects
Characteristics
Group
PCEA+PIEB (n=27) PCEA (n=27)
Age (years) 38.19±13.44 41.78±11.90
Sex
Male 8 (29.6%) 9 (33.3%)
Female 19 (70.4%) 18 (66.7%)
BMI (kg/m2) 22.96±3.03 22.50±2.53
Education
Elementary school or lower 2 (7.4%) 2 (7.4%)
Junior high school 4 (14.8%) 4 (14.8%)
High school 15 (55.6%) 17 (63%)
Graduate or post-graduate 6 (22.2%) 4 (14.8%)
Type of surgery
Orthopedic 7 (25.9%) 7 (25.9%)
Urological 4 (14.8%) 4 (14.8%)
Digestive 6 (22.2%) 7 (25.9%)
Gynecological 9 (33.3%) 8 (29.6%)
Oncologic 1 (3.7%) 1 (3.7%)
Table 2 Comparisons of VAS (resting and moving)
VAS resting
(scale 0-100 mm)
Group
p 
value
PCEA+PIEB
(n=27)
PCEA
(n=27)
CI 95%
PCEA+PIEB
CI 95%
PCEA
4 hours 0 (26) 0 (27)  2.38-12.65 4.27-15.13 0.187
8 hours 0 (22) 0 (30) 3.19-13.7 3.89-15.59 0.555
24 hours 0 (25) 0 (25) 2.28-12.09 2.41-12.85 0.770
VAS moving
(scale 0-100 mm)
Group
p 
value
PCEA+PIEB
(n=27)
PCEA
(n=27)
CI 95%
PCEA+PIEB
CI 95%
PCEA
4 hours 7 (35) 13 (35) 9.14-22.71 13.94-27.39 0.009
8 hours 10 (30) 10 (38) 9.14-21.60 12.14-27.05 0.130
24 hours 0 (36) 10 (35) 4.24-17.83 8.21-22.23 0.025
Table 3  Comparisons of VAS (resting and moving) in orthopedic 
surgery
VAS resting
(scale 0-100 mm)
Group
CI 95% p valuePCEA+PIEB (n=7) PCEA (n=7)
4 hours 29.00±1.82 31.71±2.87 29.73-33.69 0.056
8 hours 29.71±4.78 33.85±2.67 30.66-37.04 0.069
24 hours 27.71±1.60 29.42±2.43 27.72-31.12 0.146
VAS moving
(scale 0-100 mm)
Group
CI 95% p valuePCEA+PIEB (n=7) PCEA (n=7)
4 hours 43.85±3.38 48.28±4.30 45.09-51.47 0.054
8 hours 40.42±3.10 50.00±1.00 48.10-51.89 < 0.001
24 hours 39.14±1.46 43.85±4.01 41.36-46.34 0.13
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4 hours and 24 hours postoperative were lower in 
PCEA+PIEB group (p < 0.01). 
Comparisons of VAS at resting and at moving 
in orthopedic surgery are presented in Table 3 and 
in non-orthopedic surgery are presented in Table 4. 
Comparisons of PCA attempted and PCA given 
are presented in Table 5. PCA attempted and PCA 
given were lower in PCEA+PIEB group (p < 0.01).
Comparison of total consumption of solu-
tion Ropivacaine 0.1% + Fentanyl 2 mcg/mL is 
presented in Table 6. Total consumption of solution 
Ropivacaine-Fentanyl until 8 hours postoperative 
was comparable in both groups, but at 24 hours 
postoperative it was much greater in PCEA+PIEB 
group (p < 0.01).
DISCUSSION 
The important finding of this study was that PIEB 
improved the efficacy of PCEA in postoperative 
pain. VAS (resting and moving), PCA attempted, 
and PCA given were lower in PCEA+PIEB group. 
Total consumption of solution Ropivacaine-
Fentanyl until 8 hours postoperative was compa-
rable, but at 24 hours postoperative it was much 
greater in PCEA+PIEB group.
Both PCEA+PIEB and PCEA Ropivacaine 
0.1% + Fentanyl 2 mcg/mL effectively reduced pain 
intensity by VAS below 30 mm. VAS (resting and 
moving) in urological, digestive, gynecological, and 
oncologic surgery were found below 30 mm. But 
we also found that VAS in orthopedic surgery was 
higher than in non-orthopedic surgery. A surgery 
cause tissue injury that can cause systemic and 
nociception reactions accompanied by increased 
production of proinflammatory cytokines such as 
interleukin (IL),4 especially in orthopedic surgery 
which included bones, muscles, tendons, nerves, 
and blood vessels. Postoperative acute pain is caused 
primarily by tissue inflammation and C fibers 
activities. Interleukin 6 is also called the myokine 
and increased in response to muscle contraction.5,6 
Periosteum is the most densely innervated tissue 
and bone marrow receives the greatest total number 
of sensory and sympathetic fibers.7 In general, VAS 
in orthopedic surgery is higher than in non-ortho-
pedic surgery.8
PCA attempted and PCA given were lower in 
PCEA+PIEB group. With PIEB, Minimal Effective 
Analgesia Concentration (MEAC) is constantly 
maintained so PCA demand will be lower.
Total consumption of solution Ropivacaine-
Fentanyl until 8 hours postoperative was compa-
rable in both groups but at 24 hours postoperative 
it was much greater in PCEA+PIEB group. This 
data correlated with PCA given that at 8 hours 
postoperative was a turning point. Patient mobili-
zation, administration of ketorolac in the ward, and 
inflammatory cycle were some factors that influ-
enced. Patient, who previously felt comfortable and 
could tolerate pain at 4 hours postoperative, began 
to mobilize that trigger pain. Pro-inflammatory 
cytokines (IL-1β, TNF-α, IL-6) reach the highest 
concentration for 24 hours postoperatively,9 in 
which TNF-α soon reach its peak during surgery 
until 6 hours later, IL-1β reach the peak in 2 until 
6 hours which will be followed by the increase in 
IL-6 which begin reach its peak at 6th hour and will 
decline sharply after 48-72 hours postoperatively.10,11 
Table 4  Comparisons of VAS (resting and moving) in non-
orthopedic surgery
VAS resting 
(scale 0-100 mm)
Group
p 
value 
PCEA+PIEB 
(n=27)
PCEA 
(n=27)
CI 95%
PCEA+PIEB
CI 95% 
PCEA
4 hours 0 (26) 0 (27)  2.38-12.65 4.27-15.13 0.187
8 hours 0 (22) 0 (30) 3.19-13.7 3.89-15.59 0.555
24 hours 0 (25) 0 (25) 2.28-12.09 2.41-12.85 0.770
VAS moving 
(scale 0-100 mm)
Group
p 
value 
PCEA PIEB 
(n=27)
PCEA 
(n=27)
CI 95% 
PCEA+PIEB
CI 95% 
PCEA
4 hours 7 (35) 13 (35) 9.14-22.71 13.94-27.39 0.009
8 hours 10 (30) 10 (38) 9.14-21.60 12.14-27.05 0.130
24 hours 0 (36) 10 (35) 4.24-17.83 8.21-22.23 0.025
Table 5 Comparisons of PCA attempted and PCA given
PCA 
attempted
Group
p value
PCEA+PIEB
(n=27)
PCEA
(n=27)
CI 95%
PCEA+PIEB
CI 95%
PCEA
4 hours 1 (6) 4 (15)  1.68-4.47 4.84-11.39 0.001
8 hours 2 (12) 9 (20) 3.69-9.27 9.28-18.72 < 0.001
24 hours 2 (35) 10 (41) 5.83-19.65 12.81-30.37 < 0.001
PCA given
Group
p value
PCEA+PIEB
(n=27)
PCEA
(n=27)
CI 95%
PCEA+PIEB
CI 95%
PCEA
4 hours 1 (3) 2 (5)  1.28-2.94 2.48-4.48 0.005
8 hours 2 (7) 7 (13) 2.88-6.16 6.06-10.90 0.002
24 hours 2 (17) 8 (30) 4.17-12.20 9.20-20.58 0.001
Table 6  Comparison of total consumption of solution Ropivacaine 
0.1% + Fentanyl 2 mcg/mL
Total 
consumption 
(mL)
Group
p value
PCEA+PIEB
(n=27)
PCEA
(n=27)
CI 95%
PCEA+PIEB
CI 95%
PCEA
4 hours 17 (15) 10 (25)  18.38-26.36 12.40-22.42 0.005
8 hours 34 (35) 35 (65) 38.38-54.81 30.31-54.51 0.512
24 hours 82 (85) 40 (150) 92.62-132.86 46.00-102.89 < 0.001
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CONCLUSION 
PCEA+PIEB have greater efficacy than PCEA. 
VAS (resting and moving), PCA attempted, and 
PCA given were lower in PCEA+PIEB group, 
total consumption of solution Ropivacaine-
Fentanyl until 8 hours postoperative was 
 comparable, but at 24 hours postoperative it was 
much greater in PCEA+PIEB group. In orthope-
dic surgery, VAS at resting was obtained below 
30 mm in PCEA+PIEB group but VAS at moving 
was obtained in the category of moderate pain in 
both groups.
Further studies with larger number of subjects and 
more specific type of surgery are required in order to 
extend and deepen our understanding about PCEA, 
PIEB, and CEI in postoperative pain management. 
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